Classic anatomical dissection of 150 hearts from adults aged 18 -80 years was performed. The sinoatrial (SA) node artery was most frequently a large atrial branch of the right coronary artery (63%), arising at a mean distance of 1.2 cm (range 0.2 -2.2 cm) from its beginning, with a mean external diameter of 1.7 mm (range 1 -3 mm). In 37% of cases the SA node artery was a branch of the left coronary artery or one of its branches, with an initial mean external diameter of 2.2 mm (range 2 -3 mm). The origin of the SA node artery was not related to coronary arterial dominance. The atrioventricular (AV) node artery was the first and longest inferior septal perforating branch of the right (90%) or left (10%) coronary artery, arising from the U-or Vshaped segment of the corresponding artery at the level of the crux cordis. Mean external diameter was 2 mm (range 1 -3.5 mm). The origin of the AV node artery was dependent on coronary arterial dominance. Identification of the anatomical variants of the arterial blood supply to the SA and AV nodes may help in overcoming potential difficulties in treating arrhythmias and in mitral valve surgery.
Introduction
Use of the superior septal approach for mitral valve procedures, which provides excellent exposure of the mitral valve and the subvalvular structures in patients with pre-operative sinus rhythm, is associated with cardiac rhythm disturbances due to intra-operative damage to the sinoatrial (SA) node artery. 1 -4 The incidence of rhythm disturbance is high (52 -60%) 2 and, in some cases, pacemaker implantation is required. 3 Right lateral and transseptal 4 or combined superior-transseptal 5 atrial approaches for mitral valve procedures sometimes, but not always, have enabled the retention of sinus rhythm after surgery. 4, 5 There is also a high risk (20 -37%) of early post-operative atrioventricular (AV) node block due to damage to the AV node artery during manipulation of the fibrous ring of the KEY WORDS: HUMAN HEART; CORONARY ARTERY; SINOATRIAL NODE; ATRIOVENTRICULAR NODE; ANATOMICAL VARIATIONS B Pejković, I Krajnc, F Anderhuber et al. Anatomy of arterial blood supply to the heart mitral valve (annulus fibrosus). 6 In addition, ablation procedures in treating arrhythmias can result in complete AV block due to damage to the AV node artery. 7 Identification of the origin, course and relationships to adjacent anatomical structures of the SA node and AV node arteries may help in overcoming these difficulties in clinical practice. The present classic anatomical dissection study investigated the anatomical variants of these arteries and discusses their significance in treating arrhythmias and in mitral valve surgery.
Materials and methods

HEART PREPARATION
Human hearts, obtained over a 10-year period at the Institute of Anatomy (Medical University of Graz, Austria), from adult cadavers of both sexes with no history of cardiac disease were studied. The heart specimens were fixed in 4% formalin and showed no macroscopic pathological abnormalities. In each heart the atrial branches of the coronary arteries and the SA and AV nodes were examined.
DISSECTION
Macrodissection using classic anatomical techniques (with standard anatomical pincettes and scalpels) was performed with the help of a magnifying glass (×6). The arteries were followed and carefully prepared from their origin until their entrance into the SA and AV nodes; the course of the SA node artery was also followed after it had left the node. The relationships of these arteries to the adjacent structures were studied.
The SA and AV nodes were also carefully prepared. The SA node is located subepicardially in the area of the junction of the right auricle and the superior vena cava termed the sulcus terminalis of the right atrium (sulcus terminalis atrii dextri). The AV node lies subendocardially in the triangle of Koch between the anteromedial margin of the coronary sinus ostium, the base of the septal cusp of the tricuspid valve and the tendon of Todaro, which lies between the central fibrous body or the right fibrous trigone (trigonum fibrosum dextrum) and the medial border of the Eustachian valve (valvula venae cavae inferioris). The tendon of Todaro is a subendocardial connective tissue band that continues the commissure of the Eustachian and Thebesian valves.
DATA ANALYSIS
Measurements were taken to the nearest half millimetre and are presented as the mean and range. Occurrences are given as a percentage of all the samples studied.
Results
Anatomical dissections of 150 heart specimens from adults of both sexes aged 18 -80 years were performed.
ARTERY TO THE SA NODE
The artery that supplies the SA node (ramus nodi sinuatrialis) was a branch of either the right or the left coronary artery. There was no relationship between topographic coronary dominance and the origin of the SA node artery.
Most frequently (in 63% of cases), the SA node artery was the first anterior atrial branch of the right coronary artery ( Fig. 1 ), originating at a distance of 1.2 cm (range 0.2 -2.2 cm) from the beginning of this vessel. It was usually the largest atrial branch of the right coronary artery; external diameter of 1.7 mm (range 1 -3 mm). The initial part of the artery (1 -2 cm) was embedded in the subepicardial adipose tissue. It then traversed the base or floor of the sinus of Theile (sinus transversus pericardii), coursed B Pejković, I Krajnc, F Anderhuber et al. Anatomy of arterial blood supply to the heart through the right atrial wall, behind the aortic bulb and the ascending aorta, and then ascended medially to the anterior interatrial groove. From there it entered the interatrial muscular bundle of Bachman, sometimes anastomosing to Kugel's artery (arteria anastomotica auricularis magna or ramus atrialis anastomoticus) that presents as an anastomosis arising from the circumflex branch of the left coronary artery with the right coronary artery (Fig. 2) . The SA node artery divided into two branches: one that ascended to the upper part of the left atrium and the other that went to the junction of the right auricle and superior vena cava (sulcus terminalis atrii dextri), where it entered the SA node (Fig. 3) , pierced it and, after leaving the node, then encircled the ostium of the superior vena cava.
In certain cases (37%), the artery to the SA node was a branch of the left coronary artery ( Fig. 4 ). It most frequently arose from the proximal portion of the left circumflex branch (95% of cases) and sometimes directly from the left coronary artery (3% of cases) (Fig. 4) . The mean external diameter at the beginning of its course was 2.2 mm (range 2 -3 mm). It usually ascended the left atrial wall behind the aorta until it reached the anterior interatrial groove; from that point it had the same course as SA node arteries that originated from the right coronary artery. In rare cases (2%), the SA node artery arose from the distal portion of the circumflex branch of the left coronary artery as the left lateral (intermediate) atrial branch, or as the posterior atrial branch parallel to the circumflex branch passing above the coronary groove and dividing into two branches: one of them supplying the lateral and posterior walls of the left atrium and the other one traversing the superior wall of the left atrium between the left and right pulmonary veins, or between the left superior pulmonary vein and the left auricle, crossing the middle part of the interatrial groove and ending in terminal twigs at the base of the superior vena cava, supplying the SA node and the adjacent parts of the interatrial septum and both atria. The mean length of the SA node artery for all the variations was 11 cm (range 9 -13 cm).
ARTERY TO THE AV NODE
The artery that supplies the AV node (ramus nodi atrioventricularis) originated most frequently (90% of cases) from the U-or Vshaped segment of the right coronary artery at the level of the crux cordis ( Figs 5 and 6) ; in the remaining 10% it arose as a branch of the left coronary artery. Its origin Anatomy of arterial blood supply to the heart depended on topographic arterial dominance: in cases with right or balanced arterial coronary vascularization, the AV node artery was a branch of the right coronary artery, and in cases of left dominance the left coronary artery gave a branch to the AV node. The length of this artery varied depending on the prominence of the U-or Vshaped segment from which it arose; if this segment was more prominent the artery was shorter and vice versa. Its mean length was 2.5 cm (range 0.5 -3 cm). The mean external diameter of this artery at the beginning of its course was 2 mm (range 1 -3.5 mm). The AV node artery was the first inferior and the longest septal perforating branch that always arose at the level of the crux cordis. It then merged into the cardiac wall towards the right fibrous trigone (trigonum fibrosum dextrum), very close to the mitral valvular ring, especially for the last 5 mm before entering the AV node. It then entered the AV node, pierced the fibrous ring, then curved at a right angle beneath the aortic valve, and travelled forward, emerging into the interventricular septum. There it ramified and supplied the truncus and the posterior part of the left branch (crus sinistrum) of the bundle of His (fasciculus atrioventricularis). 
Discussion
The artery to the SA node is most frequently a branch of the right coronary artery (63% of the cases in the present study) and is very variable in size and length. Besides its official anatomical nomenclature of ramus nodi sinuatrialis, this vessel has also been named after the structures that it relates to on its way to the SA node, including ramus ostii venae cavae superioris, 8 ramus cristae terminalis, 9 l'artère de l'atrionecteur, 10, 11 sinus node artery 12 and the upper atriosepto-nodal artery. 13 The term sinus node artery may be applied to the whole length of the vessel, or only to the short branch that enters the SA node. We suggest, however, that the term sinus node artery should relate to the whole vessel, since damage to any part of its stem proximal to the SA node may cause rhythm disorders. 1 -4 In rare cases (3.5%), 11 the artery to the SA node may arise from the right aortic sinus very close to the orifice of the right coronary artery. 11,14 -16 It may also arise from the right coronary artery at the level of the right margin of the heart or at the diaphragmatic side of the heart. 11,16 -18 The SA node artery is the largest of all the atrial branches; its external diameter has been reported to be a mean of 1.7 mm (range 0.9 -2 mm), 16 reducing to 0.7 mm (range 0.3 -1.4 mm) inside the SA node, 16 with reported mean luminal diameters at 5 mm from its origin of 1.0 mm (range 0.8 -1.5 mm) 16 or 1.4 mm (range 0.9 -2.0 mm). 19 Inside the SA node the artery sometimes ramifies; 16 the branches measuring 0.2 mm in diameter 16 and they have been reported to anastomose with each other. 20 In the present study the artery to the SA node was found to originate from the left coronary artery in 37% of cases; this compares with previously reported incidences of 26.6%, 17 30%, 11 35%, 14 40% 16,18,21 and 45%. 22 It has been found to be a branch of the circumflex branch in 27% 11 or 13.3% 17 of cases, but sometimes arises directly from the left coronary artery 23 Fig. 4) . It then usually ascends the left atrial wall behind the aorta, reaches the anterior interatrial groove and then takes the same course as when originating from the right coronary artery. In certain cases (2% of the cases in the present study), the SA node artery has been found to arise from the distal portion of the circumflex branch of the left coronary artery as the left lateral (intermediate) atrial branch or as the posterior atrial branch parallel to the circumflex branch. It then passes above the coronary groove and divides into two: one branch supplying the lateral and posterior walls of the left atrium, and the other branch traversing the superior wall of the left atrium between the left and right pulmonary veins or between the left superior pulmonary vein and the left auricle before crossing the middle part of the interatrial groove and ending at the base of the superior vena cava, supplying the SA node. A very similar variant of the SA node artery has been described that was S-shaped and found in 21.5% of 111 cases studied. 19 It originated from the posterolateral part of the circumflex branch and could be divided into three parts: (i) the initial part, ascending to the posterolateral wall of the left atrium and then curving sharply forward, passing behind the left inferior pulmonary vein; (ii) the middle part, from between the pulmonary veins and the left auricle to the upper part of the left atrium and the superior part of the interatrial groove; and (iii) the terminal part, at the SA node in the posterior wall of the right atrium. Little twigs from the terminal part of this artery anastomose to the anterior intermediate and posterior atrial branches of the right coronary artery, 19 creating a vascular bridge between the circumflex branch and the right coronary artery. This may be important in cases of occlusion of the proximal part of the circumflex branch because, in such cases, the vascular area of the circumflex branch is supplied by the right coronary artery through these branches.
The SA node may be supplied by both coronary arteries (15%, 22 12%, 14 7% 15 ) or by non-coronary arteries (6.6% 17 ). Communications of the SA node artery to the bronchial arteries or its origin from the bronchial arteries have also been reported. 16, 24 In the present study, the artery supplying the AV node (ramus nodi atrioventricularis) most frequently arose from the U-or Vshaped segment of the right (90%) or left (10%) coronary artery termed the 'U-turn'. These findings correspond to other published reports. 14 -18,21,22,25 In some cases this artery has been observed to be a terminal branch of the circumflex artery 18 and, in others, both coronary arteries supply the AV node. 22, 25 The unusual U-or V-shape of the segment of the coronary artery from which the AV node artery arises may be explained by the embryological development of the heart. 25 In an embryo measuring 32 mm the AV node is located in the epicardium; however during formation of the interatrial septum the myocardium invaginates and the AV node is retracted into the heart.
The close proximity of the AV node artery to the mitral valvular ring explains the rhythm disorders that can occur during mitral valve surgery. 6, 7 Surgical repair of the mitral valve is, in most cases, limited to the posterior leaflet and the annulus fibrosis. 26 The annulus fibrosis is sometimes not a ringlike structure but only a fibrous band between the mitral valve and the left ventricle; 26 in such cases the risk of injuring the AV node artery is increased.
The arteries to the SA and AV nodes show certain anatomical variation. Knowledge of these variations and being able to recognize and identify the anatomical aspects of these
